This study measured the radioactivity level in the sediments of Eko-Ende Dam in Ifelodun Local Government Area, Osun State, Nigeria and assessed the radiological impact associated. Thirty six (36) sediment samples were collected from three different points within the Dam for a period of 12 months. The samples were analyzed using Gamma Ray Spectrometer. The radiological hazards due to natural radionuclides content, such as absorbed dose rate (D R ), annual effective dose rate (AEDE), effective life cancer risk (ELCR), activity utilization index (AUI), internal radiation hazard (H in ) and external radiation hazard (H ex ) in the sediment samples were calculated. The calculated radiological parameters were compared with recommended safety limits and internationally approved values. The radium equivalent activity, internal hazard index, annual effective dose equivalent and effective life cancer risk values of the sediment samples were lower than the permissible limit. Thus, the study area might not pose immediate health implications to the general public, but prolonged exposure could lead to radiation related health hazards.
Introduction
Naturally occurring radioactive materials (NORMs) contain insignificant amounts of radionuclides in the environment but when disturbed or altered from natural settings, their concentrations are usually enhanced above the back-ground radiation levels. This may result in a relative increase in radiation exposures and risks to the public and the environment [1] . From time to time, every living creature is exposed to the ionizing radiation that comes from the earth.
This radiation affects the general biota, food and air that we breathe, and makes them partially radioactive. As a result, people are exposed to this ionizing radiation on daily basis from the ground, building materials, air, food, sediment, water, the universe, and even elements in their own bodies [2] .
The study of the radioactive components in sediment is a fundamental link in understanding the behavior of radionuclides in the ecosystem and contributes to the total absorbed dose via ingestion, inhalation and external irradiation [3] . Sediments have been widely used as environmental indicator and their ability to trace contamination sources and monitor contaminants is widely recognized [4] .
Sediment plays a predominant role in aquatic radioecology and they are accumulating and transporting contaminants within the geographic area. Sediments may be regarded as a temporary sink of many materials which pass through aquatic, chemical and biological cycles operating on the earth's surface. Thus, sediments become an environmental host for many of the waste products discharged by society or from natural sources like weathering and recycling of terrestrial minerals and rocks and also by anthropogenic activities [5] . Hence, sediments are good indicators of radiological contamination in the environment [6] . The determination of naturally occurring radionuclides depends on the distribution of rocks from which they originate and the processes which result in their removal from the soil and migrate them [4] . The determination of these radionuclides gives the understanding of the radiological health implications to the populace. 
Materials and Methods

Geological Outline
Eko-Ende study area lies between Latitude 7˚54'30''N and 7˚57'0''N and Longitude 4˚33'30''E and 4˚35'30''E. The Dam on the Otin River was impounded in 1973 to form a reservoir with storage capacity of 5.5 MCM and improve existing water supply to the communities of Eko-Ende, Eko-Ajala, Ikirun, Iragbiji, Okuku and Oba [7] . The Dam serves as a source of drinking water, agricultural and fishing activities for the residents of the communities within its catchment area.
Eko-Ende reservoir is located within a comparatively semi-urban to rural area (Figure 1 ). The mean annual rainfall is about 1400 mm with the rainy season covering eight months (April to November) and its beginning and end marked by torrential rains and thunderstorms [9] . The geographical position and natural resources of Eko-Ende indicate the likelihood of radioactivity but information on radioactivity is scarce as systematic measurements have not being undertaken in this area so far.
Sampling and Sample Preparation
Thirty six sediment samples were collected from three (3) 
Gamma Spectrometric Analysis
Gamma ray spectrometry was used to determine and measure the concentration of radionuclides in the samples. Each sample was placed on the NaI detector enclosed in a thick lead shield and counted for 25,200s (7 h 
Energy Calibration for Gamma Spectrometry
In order to properly identify various peaks in the spectrum, the NaI detector was 
Activity Concentration Determination
The activity concentration of a certain radionuclide, C, in the sediment samples was calculated using the following equation:
where C is the activity concentration, A is the area under the graph, ε is the detector efficiency, Pγ is the probability that a peak will occur, T is time (in seconds) and M is the mass (in kg) of the sediment sample under consideration.
Radium Equivalent Activity Concentration Index (Raeq)
Radium equivalent index in Bq/kg is a widely used radiological hazard index. It K [10] . This radium equivalent concept was used to describe the gamma output from different mixtures of uranium, thorium and potassium in sediments from Eko-Ende Dam [11] . It was calculated using the formula: 
The Absorbed Gamma Dose Rate
The input of natural radionuclides to the absorbed dose rate in air (D R ) at the average height of one meter above the ground surface depends on the natural specific activity concentration of K. If a radionuclide activity is known, then, its exposure dose rate in air at 1 m above the ground can be estimated using the formular given by Kurnaz et al. [12] and Ravinsankar et al. [11] 
External Hazard Index (Hex)
To limit the radiation exposure attributable to natural radionuclides in the samples to the permissible dose equivalent limit of 1 mSv/y, the external hazard index based on that criterion have been introduced using a model proposed by Krieger [13] K in Bq/kg, respectively. In order to keep the radiation hazard insignificant, the value of external maximum value of H ex equal to unity corresponds to the upper limit of radium equivalent activity 370 Bq/kg. 
Internal Hazard Index (Hin)
The Representative Level Index (Iγr)
The representative level index (Iγr) is used to estimate the level of γ-radiation 
The Annual Effective Dose Equivalent
The annual effective dose equivalent received by a member of the public is calculated from the absorbed dose rates by using dose conversion factor of 0.7 Sv/Gy from absorbed dose in air to effective dose received by adults, the indoor to outdoor ratio (1:4), the outdoor occupancy factor 0.2 and the indoor occupancy factor 0.8 [15] . Therefore, the annual effective doses outdoors and indoors equivalent are calculated by using the relations: 
The Excess Lifetime Cancer Risk (ELCR)
The probability of developing cancer in a population within a life time after exposure to radionuclides was calculated using the following equation:
where, AEDE is the Annual Equivalent Dose Equivalent, DL is the average duration of life, and RF is the Risk Factor (Sv 
Results and Discussion
The activity concentrations of 40 K, 238 U and 232 Th in Eko-Ende sediment samples during dry and wet season for the three sampling points are presented in Figures 2(a)-(c) and Figures 3(a)-(c) The mean activity concentration of thorium in the samples was observed to be higher than that of uranium, probably because thorium is 1.5 times higher than that of Uranium in the earth's crust [18] . This indicates that the mean activity concentration of 238 U and 232 Th from the present study was less than the permissible values except for 238 U in the first sampling point during the dry season.
In the case of 238 U, it was observed that the highest values obtained in the first sampling point during the dry season could be as a result of low velocity of the river and as such the sediments could settle better and more fine-grained samples could settle. Radionuclides can accumulate better in these areas [19] . The solubility of thorium is constant and low, its mobility is low too and it mainly depends on the velocity of the river [19] .
Evaluation of Radiological Hazard Effects Radium Equivalent Activity
The radium equivalent activity (Ra eq ) in Eko-Ende sediment samples (Table 1(a) and ) recommended by UNSCEAR [20] .
Absorbed Gamma Dose Rate (DR)
The . The values were higher in the dry season and within the permissible limit when compared with the world average value of 84 nGy/h [6] . The absorbed dose rate itself does not give an indication of possible biological effects until it is converted to the effective dose equivalent measured in Sieverts (Sv) [21] .
Annual Effective Dose Equivalent
The annual effective dose equivalent of the sediments varied from BDL to 0.21 µSv (average = 0.13 µSv) in the dry season and in the wet season, it varied from BDL to 0.16 having a mean value 0.08 µSv. The calculated values were found to be lower than the recommended value of 1 μSv [21] implying that the radiation hazard was insignificant for the population in Eko-Ende community.
Internal and External Hazard Indices
The 
The Representative Level Index (Iγr)
The gamma activity index (Iγ) used to assess safety requirement for building materials was evaluated and presented in Table 1 (a) and 
Excess Lifetime Cancer Risk (ELCR)
The possible human carcinogenic effect was carried out by estimating the like- , it could be inferred that the values would not lead to respiratory diseases such as asthma, cancer and external diseases such as erythema, skin cancer and cataracts [22] , except in dry season for males thus, the probability of people in the study area developing cancer cases for females and even males during wet season was low while serious caution should be taken during the dry season.
Conclusion
This study indicated that the sediment samples of Eko-Ende in both seasons had radioactivity with significant variations at various times. The mean uranium and thorium radionuclide activity was within permissible values, while mean potassium radionuclide activity was higher than the generally acceptable range. The radium equivalent activity, internal hazard index, annual effective dose equivalent and effective life cancer risk values of the sediment samples were lower than the permissible limit. However, the absorbed dose rates, external hazard index and representative level index (I γr ) of the sediment samples during the dry season were higher than the permissible limit and it can be concluded that the study area may not pose immediate health implication to the general populace especially Eko-Ende town but prolonged exposure could lead to radiation related health hazard.
